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ABSTRACT 
Since the recent i ntroduction of gas permeable hard contact lenses, 
a great deal of research has been conducted that proves the superiority 
of these lenses over s tandard PMMA lenses in preventing corneal edema. 
However, the introduction of gas permeable contact lenses by several 
different contact lens manufacturers necessitates some direct comparisons. 
This senior research study involves the contralateral comparison 
of the Polycon II and the Boston II gas permeable contact lenses. The 
researchers are interested ~n comparing the two lenses for subjective 
patient comfort and acuity as well as the effects on corneal physiology 
by measur~ng the amount of corneal thickening us1ng the Dicon Model II 
RK Digital Computer Pachometer . Fourteen subjects participated 1n the 
study and were divided into four groups: PMMA lens wearers, soft lens 
wearers, gas permeable lens wearers, and subjects with no previous 
contact lens wear exper i ence. 
All lens parameters were ordered according to the stock lens speci-
fications of the Polycon II lens 1n an effort to match as closely as 
possible all parameters with the exception of back vertex power. 
Twelve of the fourteen subjects were fit with 8.5 mrn OAD lenses and 
the remaining two subjects were fit with 9.5 mm OAD lenses. All lenses 
were fit approximately 1.00 diopter steeper than Kf at the diagnostic 
fitting. 
Three pachometric measurements were made on each subject. The 
first prior to dispens ing the lenses and the last two measurements at 
one week and three weeks respectively. A comparison of pachometric 
measurements using a two-tailed analysis of variance will be performed 
on collected data. 
-ii-
INTRODUCTION 
Since the first scleral lenses, which were manufactured from heavy 
glass, were introduced in 18891 several attempts have been made to 
reduce the physiological insult these lenses "inflicted" on the eye. 
Methyl methacrylate was first used in scleral'lenses in 1938; it was not 
until nine years later that this material was used for contact lenses as 
we know them today. Inspite of the evolution of fitting philosophies, 
this was the only material available for contact lenses until March 1971 
when Bausch and Lomb received FDA approval for the first soft lens 
material, polymacon. 
After the introduction of this lens material, practitioners felt 
that the problems of corneal edema were resolved. In fact, these new 
soft lens materials also caused corneal changes. When edema became 
moderately severe, greater than 6 percent, vertical striae can be noted; 2 
however, these structures disappear quite rapidly after lens removal 
and can be easily missed. 
Several investigators have shown the m~n~mum oxygen tension necessary 
to maintain corneal thickness within acceptable physiological limits was 
4 percent of baseline which corresponds to corneal swelling that occurs 
during closed eye conditions. This 4 percent edema equates to 10 mm Hg 
of o2 or an o2 flux of 2 ul/cm
2/hour. 3 Other research contends that 
a range of 11 to 19 mm Hg 0 2 flux ~s needed, depending on intersubject 
5 6 
variability of corneal metabolism to m1n~m1ze corneal edema to 4 percent. ' 
-1-
2 
In spite of the fact that many researchers agree on this point, contra-
versy abounds concern1ng partial pressure of 02 needed at the corneal 
5 
surface to prevent any edema ranged from 23 to 37 mm Hg. 
The relative lack of movement of soft lenses (1 to 1.5 mm) pro-
duces an insignificant fractional tear volume replenishment rate of .001 
ul per blink7 and low tear volume of 10 ul under the lens8 allows only 
.11 ul of tear exchange per blink under ideal conditions. These facts 
support the conclusion that corneal oxygen needs of soft lens wearers 
can be met only by diffusion through the lens matrix. 
Oxygen transmissibility, as measured by DK/L (D = diffusion co-
efficient; K = solubility co-efficient; L = center thickness of lens) 
of soft lenses has primarily been improved over the years by increasing 
the water content of the lenses or reducing center thickness. 9 Unfor-
tunately as the DK/L value increases the durability of the lenses 
decrease. Fenestrations have been used unsuccessfully on HEMA materials. 
The larger ports, 1.8 mm, allow a significant increase 1n EOP but 
reported as uncomfortable, while the smaller .8 mm fenestrations allow 
10 
no significant increase of EOP at the corneal surface. 
For most patients the hypoxia induced from soft contact lenses has 
been shown to cause limbal injection comparable to nonwearers who were 
given vasodialating agents such as .4 percent benoxinate or 1 percent 
pilocarpine; whereas, hard lens wearers show no predilection to this 
. 1 11 St1mU US. Longstanding contact lens induced vasodialation causes 
collaginase and bradykinin to be released in the corneal stroma allowing 
· · f h 1 f 1· b 1 ·11 · 12 1nvas1on o t e avascu ar cornea rom 1m a cap1 ar1es. This is 
most often noted in extended wear patients; however, some cases have 
been reported with daily wear soft lenses. 13 
3 
To maintain the integrity of corneal tissue, stagnant tears under 
a contact lens should be exchanged for more compatible tears from the 
tear meniscus. Due to the low tear exchange rate and relative imperme-
ability of co2 through soft lens material "corneal exhaustion" can 
13 
occur in patients within 12 to 18 months. The suspected mechanism 
for corneal exhaustion is based on the ease in which gas can pass through 
the cornea causing endothelial blebs due to disturbances of the bicarbo-
14 
nate pump. Once the endothelium is disrupted severe corneal edema 
accompanied by vertical striae will soon manifest themselves. 
Before January 1978, when Danker laboratories first introduced 
gas permeable hard contact lenses, the only alternative to soft lens 
materials and the problems they caused were PMMA lenses. In spite of 
the well known fact that Pr~ is virtually impermeable to oxygen 
(.2 x 10- n DK/1) corneal compromise would be reduced if an optimal 
cornea-lens relationship could be achieved. To increase tear exchange, 
the PMMA lenses were fit flatter than the flattest corneal meridian, 15 
often one to two diopters, depending on corneal astigmatism. This 
"optimal" fit often resulted in the tear prism to be under the peri-
pheral curve of the lens which results in more pressure being put on 
the central cornea due to cohesive forces of the tears at the lens 
. h 16 pen.p ery . 
Depending upon the s1ze of lens used and lens-corneal relationship, 
d 1 '11 ll 47 1 f d . 17 a har ens w1 a ow up to u o tears un er 1t. These same 
lenses allow a fractional tear volume replenishment of . 10 to . 20 per 
blink18 equating to an exchange of 4 . 7 ul to 9 . 4 ul of tears per 
blink . These numbers are based on optimal conditions and realistic 
values are probably lower; however, one can see that the hard lens 
4 
design allows from 50 to 100 times the tear exchange as soft lens 
materials. The tear exchange mechanism appears vital in reducing the 
incidence of limbal neovascularization and endothelial changes due to 
. f b d" "d d 1 . "d 19 the bu1ld-up o car on 10x1 e an act1c ac1 . 
PMMA lenses were shown to have serious shortcomings by many 1nves-
tigators. 20 Kerns demonstrated that a lens fit flatter than the 
flattest corneal meridian tended to increase the amount of astigmatism. 
Several investigators support this finding and have shown edema and 
h · 1 fl · · f · error 1"n PMMA lens wearers. 21 •22 •23 •24 sp er1ca uctuat1ons 1n re ract1ve 
Mechanical irritation caused by hard lenses induces reflex tearing. 
The hypo-osmotic shift produces a linear effect on corneal edema and 
an exponential relationship of halo brightness. 25 These halos are specu-
lated to be caused by intercellular disturbances of zonule occluders, 
26 
not anox1a due to reduced P0 2 at the corneal surface. 
Since the introduction of the Meso lens 1n January 1978, subse-
quent investigations have shown the superior performance of gas permeable 
lenses over standard PMMA lenses in preventing central corneal clouding 
(CCC), edematous corneal formations (ECF), and variability of refrac-
. ft lens 1 21,24,27,28 t1ve error a er remova . 
This initial gas permeable material, cellulose acetate butyrate 
(CAB), has been demonstrated as non-toxic, non-irritating, and is not 
affected by chemical or ophthalmic solutions. CAB material when compared 
to hydrogel lenses was found to be 40 times more permeable to oxygen, 
320 times more permeable to carbon dioxide and has 25 percent more 
1 d . . 31 therma con uct1v1ty. A more recent study done by Feldman found that 
CAB had an oxygen transmission rate that exceeded a medium water content 
b . f . 32 y a rat1o o n1ne to seven. The permeability of CAB and subsequent 
5 
gas permeable materials incorporating silicone are based on a "molecular 
sieve" mechanism where the kinetic energy of oxygen and carbon dioxide 
molecules are sufficient to allow passage through the lens. This non-
water bearing mechanism is contrasted by the one for soft lenses which 
depends on hydrophilic molecules on the lens surface that can capture 
oxygen in the tears and "summersault" these gases from water molecule to 
water molecule through the matrix. For a given type of lens material 
an increase 1n water content creates greater molecular mobil i ty so the 
hydrophobic component of the polymer moves out to the lens surface 
making the lens more hydrophobic . 33 
CAB lenses have some distinct disadvantages when compared to stan-
dard PMMA lenses. CAB's major disadvantages is its tendency to conform 
to corneal astigmatism during adaptation that may result in an uncom-
fortable lens and poor optical qualities . To overcome this warpage 
CAB lenses needed greater center thickness causing greater edge discom-
fort, especially for high minus prescriptions. Greater center thick-
nesses will also reduce oxygen transmissibility and thermal conductivity. 
Research has indicated the minimum center thickness to overcome lens 
flexure is .16 mm. 34 
After FDA approval of this first gas permeable hard lens in 1978, 
the ophthalmic industry has been scrambling to improve on this gas 
permeable material. Recently some manufacturers have introduced sili-
cone lenses. Silicon manufactures a "pure" silicone lens which is 
covered by an "ionic skin" to make the lens more hydrophilic . This 
"skin" tends to shed within 3 to 18 months rendering the lens hydro-
phobic. This skin also renders the lens unmodifiable. 35 Due to the 
hydrophobic nature of this material only a few pure silicone lenses 
36,37 have received FDA approval (see Table I). 
Recent tests have shown these pure silicone lenses are the most 
6 
permeable to gases; in fact, they are the only lenses known today that 
can provide sufficient oxygen to the cornea under closed eye conditions 
where the external P02 drops from 155 to 55 mm Hg and tear pump action 
virtually stops. However, the extreme hydrophobic nature of these 
lenses prevents them from wetting causing rapid build-up of lipid conta-
minated proteins on the lens surface. 33 These deposits result in a rapid 
pre-lens tear film break-up time (TBUT) that interferes with vision and 
33 patient comfort. 
In spite of this shortcoming, the extreme permeability, stability over 
extreme temperature changes and resistance to degradation makes silicone 
the contact lens material of the future and the majority of research to 
d b th hth 1 . . d t • b d th1.S . 38 •39 •40 ate y e op a m1c 1n us ry 1s ase on prem1se. 
To date, the most successful materials incorporating silicone are 
the polyacrylate lenses. The acceptance of this material by clinicians 
has encouraged most major labs to market this material (see Tables Ila 
and Ilb). 36 •37 These lenses incorporate silicone in a PMMA-like matrix; 
the percent and method of incorporating the silicone 1s a closely guarded 
trade secret. 
This silicone acrylate compound allows gaseous exchange v1a direct 
transmission through the lens matrix and the tear pump mechanism. Some 
investigators41 under open eye conditions have shown 50 percent of the 
corneal oxygen needs are met by direct transmission while the other 50 
percent is achieved by the tear pump mechanism. This balance greatly 
reduces the change of corneal exhaustion. 
This material also manifests some disadvantages: the silicone makes 
7 
the lenses "softer", therefore scratches eas1.er and flexes some during 
adaptation when placed on an eye with greater than one diopter of 
corneal astigamtism when compared to its PMMA predecessor of similar 
42 43 44 parameters. ' ' 
The untreated lens surface of the newest polyacrylate silicone 
l enses have lower wetting angles indicating a reduced hydrophobic nature. 
New generation gas permeable lenses are lead by Polycon II. Some esti-
mates show this lens is prescribed in 12 percent of all hard lens 
35 
cases. For this reason most of the recently approved lenses of 
45 46 
similar composition are compared to Polycon II. ' Polycon's sili-
cone content is estimated from 10 percent to 30 percent; which is 
imbedded in a P~ll1A matrix with cross-linked polymers to increase dimen-
sl. onal stab1.'l1.'ty. 43 •45 Th h 1 · h d B II e ot er ens 1.n t e stu y, oston , manu-
factored by Polymer Technology Corporation, has a similar composition. 
However, the Boston II lens material, itafocon A, includes itaconate 
within the matrix to reduce lens flexure. 
Table I 
Pure Silicone Lenses 
Base curve 
(nun) 
Diameter (nnn) 
Dow Corning 
Silsoft 1 
Silsight 3 
(Elastome;) 
7.5 to 8.3 
0.2 steps 
Dow Corning 
Silcon 2 
(Resin) 
7.25 to 8.23 
0.08 steps 
11.3, 12.5 8.8 
Power 
(diopters) 
-0.50 to -5.00 -0.25 to -6.00 
0.25 steps 0.25 steps 
+7 .00 to +20.00 
0.50 steps 
+23.00 to 
+32.00 
3.00 steps 
Center thick- 0.10 minus 0.12 (-3.00D) 
ness (mm) 0.44 at +14.00 
Index of 1.44 1. 52 
Refraction 
Wetting angle 35° 35° 
Light trans- 85% - dry 85% - dry 
mission 
Oxygen 340xl0-ll 8 . 3x 10-11 
permeability 
coefficient 
1 - Approved for extended wear aphakia 
2 - Daily wear lenses 
3 - Cosmetic extended wear 
4 - Approval pending 
Silicone Polymer 
((, I 0~ 
I / 
Sl f 
o __..- 1 ------ o ~ -~--
1 f (( cc,. 
R = Organic Group 
r? 
i 
I 
s l 
I 
1'1.. 
Danker 
SilaRx 1 
(Elastomer) 
7.0 to 8.4 
0.1 steps 
10.95 
+10.00 to 
+35.00 
0.25 steps 
0.40 to 0.48 
1.435 
350 
85% - dry 
130 X 10 -ll 
o;l, 
I 
't 
---- -~ -· .. _ o·-
+ I 
Co~ J 
Cornea 
P.. 
I 
I 
8 
To yo 
Menicon 02 4 
(Resin) 
N.A. 
1.481 
16° 
87% - dry 
9.0x 10-11 
51--
1?. 
1. Hydrophobicity of R gives lens its wetting characteristics. 
2. Channel of gas permeability. 
Table Ila 
FDA Approved Hard Gas Permeable Lens Material 
Laboratory Lens Name Date Approved Polymer Base Curves Diameter/Thickness (rnm) Dk 
Danker Meso 1-78 CAB (Molded) 7.30-8.23 8.9-9.7 (.16-.50) 13 
Syntex Polycon I 1-79 Silicone/Acrylate As ordered 8.5, 9.0, 9. 5 ( . 06-1. 00) 5 
Polycon II 7-82 (Lathe cut) As ordered 10-12 
Rynco Rx-56 3-79 CAB (Molded) As ordered As ordered 5 
B-H/H-C Cab curve 6-79 CAB (Lathe-cut) 7.34-8.13 8.8-9.2 (.15) 4-5 
Dow Corning Silcon 10-81 Silicone/Lathe cut/ 7.25-8.23 8.8 (.12) 8 
Surface Treated 
B-H/H-C GP II 10-82 CAB/Lathe cut/ 7.18-8.23 8.8, 9.2 (.17-.20) 5 
Surface Treated 
Polymer Technology Boston II 83 Silicone Co-polymer As ordered 16 
Optacryl Optacryl K 3-83 Silicone Acrylate 23 
Optacryl 60 3-83 (Lathe cut) 12 
Paragon Optical Paraperm o2 3-83 Silicone Acrylate 12 (Lathe cut) 
Frigitronics Opus III 83 N.A. 10 
GBF GFB-5 N.A. N.A. 
'-0 
Table lib 
Hard Gas Permeable Lens Materials 
Company 
A.I.T. 
Biocontacts (Canada) 
Cooper Vis. 
Corneal Contact 
Frigitronics 
Fused Kontact 
G1asflex 
G1asflex 
Neefe Optical 
Neefe Optical 
Ocular Technology 
Ocular Technology 
To yo 
Wesley-Jessen 
Bio-Medic Polymers 
Bio-Medic Polymers 
1 - In Canada only. 
2 - In England only. 
Name Lens/Material 
Medic on 
Rev lens (1) 
K Perm (2) 
Alberta (SM38) (3) 
Saturn 11 (4) 
Si1-0rFlex 
Dioxyflex 
E1ectrocab 
Siloxycon 14 
Bioflex 
OTC V 
OTC VII 
Menicon 02 
Air lens 
Oxycon 
Oxycon 32 
3 - Excluded from U.S. by court order. 
4 - Hard G.P. center/soft periphery. 
Polymer 
Sil/Acry 
But/Aery 
Sil/Acry 
Sil/Acry 
N.A. 
Sil/Acry 
Si1/Acry 
CAB 
Si1/Acry 
CAB 
Sil/Acry 
Sil/Acry 
Silicone 
Alkyl Styrene 
Sil/Acry 
Sil/Acry 
* Dk as reported by manufacturer; temperature not specified. 
Dk* 
13 
117 
10-11 
12-14 
10 
12 
14.5 
4-5 
14 
5 
12-14 
14-16 
5-8 
12-14 
17 
25 
Menicon 02 and Medicon use surface treatment to aid wettability 
and/or retard surface coating. 
10 
11 
METHODOLOGY 
Fourteen patients were involved in this study: two previous Polycon 
I wearers, two PMMA wearers, four soft lens wearers and six patients with 
no experience with contact lenses. Upon the initial visit each candidate 
received a complete refraction including keratometry, ophthalmoscopy 
and anterior segment evaluation with the biomicroscope. Primary concern 
was directed at corneal health. The diagnostic contact lens exams were 
done at the initial visit only if the following criteria were met: 
A. Tear break-up time greater than 10 seconds. 
B. Myopic patients with refractive errors less than -5.50 diopters. 
C. No active pathology present or sequelae from past ocular 
problems that would contraindicate contact lens wear. 
D. Less than 1.75 diopters of corneal astigamtism. 
E. Patient read and agreed to terms listed on the Human Subject 
Release Form (see Appendix C). 
The diagnostic lenses used were standard 8.5 rnrn Polycon II, see 
Appendix A for lens parameters. The lens of first approximation was 
based on central keratometer readings. The "ideal fit" diagnostic lens 
was one which allowed some apical clearance and central tear pooling. 
This was assessed by using an optic section perpendicular to the 1r1s 
plane and the magnifying system 60 degrees temporal to the eye. This 
"ideal fit" was assessed by the tear thickness on the anterior lens 
surface (RL) and tear thickness at the posterior surface of the lens (LL). 
The ideal RL toLL ratio was 1 to 1.3. 16 For some patients an apical 
clearance could not be achieved. When this occurred the lens was ordered 
slightly steeper than the flattest corneal meridian, usually 0.50 to 
1.00 diopter steeper. Random assignments were made concerning the 
type of lenses placed on each eye. 
12 
Standard Polycon II lens parameters were duplicated on the Boston II 
lenses which were available to us as custom made lenses (see Appendix A). 
Keeping these lens parameters as close as possible would allow a more 
accurate assessment as to the effects these similar materials have on 
corneal physiology. 
After the lenses were received and verified, a contralateral study 
was performed. Baseline pachometric measurements were performed using 
the Dicon Digital Pachometer Model II RK before the lenses were dispensed. 
If the patients were previous contact lens wearers, these lenses were 
removed immediately prior to measurements. Subsequent measurements were 
made one week after dispensing and the final measurements were taken 
two weeks after the second reading. Previous research has indicated a 
patient's corneal thickness, with properly fit lenses, becomes totally 
48 
adapted within one month. Due to some scheduling conflicts, not all 
patients were seen on the exact day of the above time table. 
Immediately prior to pachometer measurements a small amount of 
fluorescein was applied to the superior scleral reg1on. Research by 
49 Crook has shown that fluorescein used in this manner results in 
more accurate subsequent pachometric measurements. 
The parallelpiped, split by the bi-prism, was adjusted to an end-
point where the inferior epithelium and superior endothelium were 
juxatapositioned, not overlapping on all pachometric measurements . The 
juxataposition technique has been shown to be the most accurate of the 
two methods. 50 •51 
After the baseline corneal measurements were taken the lenses were 
dispensed to the patient. When the lenses equilibrated, acuities, over-
refraction and biomicroscopy were performed to assess the fitting 
13 
characteristics of the lenses. No lens modifications were made during 
the initial visit. Upon dispensing, all patients were instructed in 
proper handling and care of the lenses. Allergan products were used 
for cleaning, storage and wetting of the Polycon II lens (LC-65 for 
cleaning, Wet-n-Soak for wetting and soaking). Boston Lens Cleaner 
was used for cleaning and the Boston Conditioning Solution was used 
as a wetting and storage agent for the Boston lenses. Patients were 
instructed to wear the lenses four hours a day for the first week and 
to return at the end of seven days for a progress check. 
The initial progress check consisted of acuities, an over-refrac-
tion, a biomicroscopic exam with and without fluorescein, and discussion 
of any subjective complaints secondary to lens wear. If subjective 
symptoms of edge sensation, lens discomfort or signs of potential 
corneal compromise were noted lens modifications were made as needed to 
relieve the symptoms of poor lens wetting, bearing restrictions edge 
sensation and dye retention secondary to mechanical insult to the cornea. 
Pachometric measurements were made after biomicroscopy and immediately 
subsequent to lens removal. The final procedure was a post-refraction 
and post-keratometer readings. While the corneal thickness measurements 
and post-refractions were done, based on previous findings the following 
lens modifications were made. 
Poor wetting of the lens surfaces was alleviated by use of Lobob 
cleaner and sponge tools to polish both convex and concave lens sur-
faces. Lens bearing restrictions were alleviated by a blend ser1es 
consisting of base curve plus 0.8 mm continued in increments of 0.2 
mm to 10.0 mm, 11.0 mm, 12.0 mm and 16.0 mm tool. The lens edge was 
rolled on a sponge to complete the blend ser1es. X-Pal polishing 
compound and water were used throughout the blend ser1es. 
When minor bearing restrictions were observed at the lens peri-
phery a modified blend ser1es was used with radius tool increments 
of 0.5 mm versus 0.2 as in the standard blend series. 
14 
On several occasions patients experienced problems removing the 
lenses during the first week of wear. A 60 degree cone tool with 
Dermacil tape and X-Pal polish was used to increase edge thickness of 
the lenses to aid in removal. Once the patient became more proficient 
at lens removal (usually by day seven), the lens edge was rolled on a 
sponge to thin the edge if the patient complained of any edge sensation. 
Following all lens modifications, a polish ser1es using Lobob cleaner 
on convex and concave surfaces was performed to improve wettability. 
The final progress exam, scheduled two weeks after the initial one, 
followed the exact format as its predecessor. We also asked each sub-
ject which lens they "liked the best." 
15 
RESULTS 
As previously mentioned, all subjects were myopic astigmats. The 
spherical component ranged from a low of -1.00 diopter to a high of 
-5.50 diopters resulting in a mean of -3.19 diopters. The subjective 
astigmatism correction ranged from plano to -1.75 diopter averaging 
to -.76 diopter. The mean corneal astigmatism was .73 diopter with a 
low of zero diopters to a high of 1.50 diopters. Most people had to be 
fit 1. 00 ·to 1. 50 diopters steeper than the flattest corneal meridian to 
achieve the desired 1 to 1.3 RL toLL ratio previously mentioned; how-
ever, not all patients were able to manifest this apical clearance due 
to "softness" of the cornea caused by previous lens wear. 16 
The parameters of all lenses ordered were within the following 
1 
acceptable tolerances: 
A. !.05 mm from OAD specifications 
B. !.1 mm of OZD 
C. !.025 mm of BC 
D. !.02 rom of center thickness 
E. !.25 D of speci~ied back vertex power 
All center thicknesses were within ~.01 mm while most error found on the 
thin side, base curves were randomly distributed within !.02 mm of 
specifications. Only three lenses were not the exact vertex power 
ordered, this error was always on the "minus side." 
The average results and accompanying graphs of ten measurements 1n 
each of the five horizontal positions are listed for all patient groups 
1n Table III. Corresponding percentage corneal thickness changes are 
also noted where the s1gn convention used 1n relation to baseline measure-
ments is (+) for increasing thickness and (-) for a decrease 1n thickness . 
16 
Using the two-tailed analysis of variance test no corneal changes 
of any group when comparing the two lenses were significant at the .1 
confidence level; however, specific trends were noted. An overall 
decrease in corneal thickness was found in this study. The Polycon II 
showing a slight edge over the Boston II at the twenty-first day of 
lens wear. This trend was also observed with the previous soft lens 
group. The largest reductions in corneal thickness were seen in the 
previous soft lens patients, which contributed most to the corneal thin-
ning observed in the overall group. The previous PMMA wearers showed a 
reduction in most meridians; here the Boston II lens produced a slightly 
more favorable response. The previous Polycon wearers showed comparable 
corneal edema induced by both lenses at each follow-up evaluation. 
Baseline and post-wear corneal refractive and keratometric measure-
ments were compared and analyzed for all participants. The trends 
observed in the data suggest a flattening of the steeper corneal meri-
dians and a steepening of the flatter corneal meridians. Analysis of 
post-refraction data support the changes in corneal astigmatism. Subjects 
showed up to .50 diopter reduction in refractive cylinder. It is assumed 
these changes are a result of the cornea adapting and approximating the 
16 base curve of the contact lenses. The reduction of the RL toLL ratio 
for many of the patients who showed apical clearance on dispensing 1s 
further support of this observation. Changes in corneal and refractive 
cylinder were virtually identical when comparing the Polycon II and 
Boston II lenses. The most dramatic refractive changes were noted in 
M.F., who had been a long standing PMMA wearer. Records showed refrac-
tive changes ranging from: OD -3.50 -.75 x 75, OS -3.75 -1.00 x 100 to 
OD -2.00 -.50 x 25, OS -1.25 -.75 x 130 over a 24 hour period . M.F. 
17 
was able to attain a stable and repeatable post refraction after one 
month of gas permeable lens wear. This agrees with previous studies of 
long term PMMA wearers who have been refit with gas permeable 
1 21,22,23,24 enses. 
Due to the unpredictability of individual adaptation to the lenses, 
no modifications were made to any lenses until after seven days wear 
at four hours per day. All but two subjects needed some lens modifi-
cation. (See appropriate section in Methodology for modifications and 
the reasons they were performed.) 
One of the problems associated with a small (8.50 OAD), thin (.11 
CT) lens design is possible lens flexure on the cornea and the resulting 
lens discomfort and reduced visual acuity. Only one subject encountered 
a problem with lens flexure. The problem was alleviated by increasing 
the center thickness of the lens from .11 to .18 in both the Polycon II 
and Boston II lenses. 
Fourteen subjects began our study and twelve subjects successfully 
completed the study. One subject was dropped due to an inability to 
adapt to the lenses. The other subject was dropped from the study, 
after several lens parameters were tried, in an attempt to fit what 
seemed to be a corneal apex decentered superiorly in both corneas. 
The lenses decentered superiorly causing edge flare and lens discomfort . 
Both the Polycon II and the Boston II lenses exhibit poor wetting 
abilities initially. To improve wettability we found that polishing 
both concave and convex surfaces with Lobob Cleaner on a sponge greatly 
improved lens wettability. Both Polycon II and the Boston II lenses 
tend to accumulate protein deposits on their surfaces. Seven out of 
the twelve subjects successfully fit with lenses required a weekly 
18 
enzyme treatment 1n addition to the specified cleaning and storage regimen. 
Enzyme treatment improved lens tolerance and increased wearing time in all 
seven subjects identified with protein accumulation problems. 
Overall Corneal Changes 
Po1ycon II 
ETC MTC cc MNC ENC 
Baseline (X) .602 .559 .547 .580 .650 
Range .556-.713 .509-.635 .499-.650 .520-.690 .585-.797 
Std. Dev. .054 .046 .054 .053 .054 
a. 7 days on .592 .549 .538 .570 .628 
Range .523-.684 .489-.636 .480-.626 .511-.679 -.563-.755 
Std. Dev. .055 .045 .044 .058 .063 
b. 21 days (X) .588 .539 .534 . 571 .632 
Range .518-.715 .497-.612 .486-.602 .500-.663 .567-.708 
Std. Dev. .061 
% Change 
Baseline to: 
a. 7 days from 
above table -1.66 
b. 21 days -2.33 
------ ·-··-· - -
ETC = extreme temp. cornea 
MTC = mid-temp. cornea 
CC = central cornea 
MNC = mid-nasal cornea 
ENC = extreme nasal cornea 
.036 
-1.79 
-3.58 
.036 
-1.65 
-2.38 
= decrease 
+ = increase 
.045 .049 
-1.72 -3.38 
-1.55 -2.77 
--
Boston II 
ENC MNC cc MTC ETC 
.653 .564 .541 .556 .612 
.571-.773 .523-.644 .510-.642 .516-.657 .583-.783 
.071 .041 .037 .043 .065 
.634 .556 .536 .550 .588 
.551-.736 .508-.648 .465-.616 .482-.660 .516-.705 
.064 .050 .044 .056 .065 
.636 .561 .537 .560 .599 
.546-.750 .502-.680 .498-.648 .512-.696 .522-.753 
.066 .053 .043 .051 .064 
-2.91 -1.42 -.92 -1.08 -3.92 
-2.60 -.53 -. 74 +.72 -2.12 
'-----
Note: All measurements across horizontal 
meridian intersecting optic axis (CC). 
f-' 
"' 
Corneal thickness in mm 
.680-
.650 
.... 
.. 
... 
.... 
... 
' ' 
' 
" 
' ...... 
----------------~ 
. 620 
...__ --· - - - - ----
.590 ---------· 
Overall Corneal Changes 
(13 patients) 
EtiC. 
C 1"C 
-
,_ ~ - - - - -- - - - - - - - -- - - - • ;;";!I~. 
.560 
E'JJC. 
t TC. 
f';tf2 
l~; ~..: 
----- -- - - - - --- -- -- - -· tli"T r; 
"'" 
--". ------------------- -· '-~ r------------...---------------------- n,-• -. i .. --
.530 
. 500 I ~ 
7 14 21 Days 7 14 21 
Polycon II Boston II 
Corneal thickness change 
% Change (Overall Group) 
(13 eyes) 
6.00: 
3.00 
I 
I 
I 
I 
0 .. , ._ 
""'~--- - _ _... 
/11 AI C. , """' ...._ -.. -- - -- 1C "~""··---~-,________ ----- -~ £ 
. -·- ..,. ___ ----~--------~--- ----.. " 
·, '--- .... --- ------. cc 
', '-~--- ---o ENC 
',, ---:_-_-..::.:::-~""'~- ---
', -----004 o-3. 
---~, f''~!' 
6.00 I 
·9.00 
~ r: ;c. 
~ ........, -*ETC ~' - ~OtNG '-'""-· o~ 
·12.0 1 I ::: 
7 14 21 Days 7 14 21 
Polycon II Boston II 
Baseline (X) 
Range 
Std . Dev. 
a . 7 days (X) 
Range 
Std. Dev . 
b. 21 days (}{.) 
Range 
Std. Dev . 
% Change 
Baseline to: 
a. 7 days (X) 
5 eyes 
Range 
Std. Dev . 
b. 21 days (X) 
Range 
Std. Dev. 
Corneal Changes with Previous Non-Wearing Patients 
Polycon II Boston II 
ETC MTC cc MNC ENC ENC MNC cc MTC ETC 
. 603 .566 .544 . 577 .635 .664 .565 .546 .556 .600 
.536- .661 .498-.647 .494-.573 .517-.614 .556-.678 .585-.770 .519-.770 .516-.573 .517-.602 .553-.64 
. 047 .054 .030 .041 .049 .070 .041 .022 .036 .037 
. 579 .547 .544 .565 .608 . 636 .563 .548 .550 .591 
. 542-.620 . 520-.612 .516- . 610 .537-.633 .539- . 651 .574-.688 .535-.641 .519-.616 .514-.643 .539-.63 
. 033 . 037 .038 .040 .043 . 052 .045 .039 .053 .045 
. 582 . 529 .542 .620 .618 . 640 .562 .534 .555 .591 
. 557-.642 .504-.571 .510-.580 .526- .606 .588-.648 . 579-.718 . 622- . 627 .500-.583 .523-.603 .550-.62 
.035 .027 .032 . 034 .022 .061 .048 .035 .037 .032 
-3.87 -.275 +.07 -2.00 -4.21 -.544 -1.81 -.88 -1.53 -1.21 
+1.12 - +10 . 07 - +9.91 - +5.50 - +.62 - +8.31 - +5.60 - +7.50- +10.29 - +8.52 -
-9.83 -17.62 -7.09 -.957 -9.10 -14.29 -14.58 -7.76 -13.62 -7.07 
4.90 10.62 7.07 6. 71 3.71 8.42 8.59 5.81 8.88 5.81 
-3.12 -6.16 -.29 -1.56 -2.25 -2.63 -2.81 -2.10 -.412 -.768 
+4.29 - +8.03 - +8.70- +10.25 - +11. 33 - +10.63 - +9.47 - +7.95- +10.75- +9.22 -
-14.07 -19.47 -11.25 -14.33 -12.24 -23.25 -17.24 -9.26 -13.12 -13.1 
-8.76 10.78 8.63 10.70 9.00 12.45 11.11 6.97 9.75 10.67 
N 
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Corneal Changes with Previous Soft Lens Patients 
Polycon II Boston II 
ETC MTC cc MNC ENC ENC MNC cc MTC ETC 
Baseline (X) .614 .572 . 567 .598 .674 .656 .568 .558 .564 .630 
Range .568-.713 .522-.635 .514-.650 .536-.690 .585-.797 .568-.773 .531-.657 .515-.642 .518-.657 .568-.783 
Std. Dev. . 071 .042 .059 .066 .089 .085 .052 .057 .063 .103 
a. 7 days (X) . 606 .549 .541 .568 .619 .615 .549 .530 .547 .569 
Range .523-.684 .499-.635 .485-.650 .507-.679 .563-.755 .551-.736 .474-.648 .484-.615 .492-.660 .516-.705 
Std. Dev. .079 .060 .061 .076 .092 .085 .073 .058 .077 .091 
b. 21 days (.X) . 584 .539 .530 .558 .614 .617 .561 . 540 .572 .590 
Range .518-.715 .497-.612 .486-.602 .500-.623 .567-.708 .540-.750 .521-.680 .493-.648 .512-.696 .522-.753 
Std. Dev. .089 .050 .052 .052 .066 .092 .081 .073 .085 .110 
% Change 
Baseline to: 
a. 7 days (X) 
4 eyes -3.06 -3.73 -4.54 -4.06 -4.66 -6.24 -3.59 -3.77 -3.91 -9.48 
Range +.65 - +3.00 - -.4 - +1.92- +.65 - -2.74- +3.01 - -.58 - +2.51 - -5.81 -
-7.92 -9.64 -10.69 -11.52 -13.12 -9.97 -11.73 -9.70 -8.72 -13.86 
Std. Dev. 3.78 6.26 4.35 5.73 6.17 3.14 6.70 4.31 6.65 3.38 
b. 21 days (X) -4.60 -3.77 -6.36 -7.03 -8.80 -5.86 -2.94 -3.52 -.78 -6.38 
Range +4.44 - +6.34 - +3.31 - +1. 34 - 0 - +3.97 - +5.59 - +.78- +5.59 - -1.76 -
-1.43 -9.64 -10.87 -12.74 -12.50 -13.64 -6.52 -8.02 -6.52 -11.84 
Std. Dev. 8.51 7.18 6.63 6.05 5.89 7.95 7.90 5.06 6.00 4.50 
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Corneal Changes with Previous PMMA Lens Wearers 
Polycon II Boston II 
ETC MTC cc MNC ENC ENC MNC cc MTC ETC 
Baseline (X) .632 .560 .548 .601 .644 .649 .555 .537 .561 .651 
Range .556-. 708 .510-.609 .510-.586 .530-.672 .591-.697 .571-.727 .537-.572 .510-.564 .516-.608 .585-.717 
Std. Dev. NA NA NA NA NA NA NA NA NA NA 
a. 7 days (X) .627 .545 .531 .594 .662 .645 .538 .509 .545 .618 
Range .551-.703 .489-.600 .480-.581 .511-.676 .616-.702 .581-.708 -508-.568 .465-.553 .482-.608 .531-.705 
Std. Dev. NA NA NA NA NA NA NA NA NA NA 
b. 21 days (X) .607 .550 . 532 .607 .660 .641 .545 .531 .567 .642 
I 
Range l .519-.694 .513-.587 .491-.572 .551-.663 .636-.683 I .585-.696 .531-.558 .511-.551 .537-.596 .594-.690 Std. Dev. . NA NA NA NA NA NA NA NA NA NA 
% Change 
Baseline to: 
a. 7 days {X) I -. 78 -2.80 -. 72 -1.49 +2.83 I -.43 -3.05 -5.39 -3.13 -5.45 
2 eyes 
Range I -.66 - -1.48 - -.59 - +.6 - +.23- +1. 75 - -.7- -1.95- +.33 - -1.67 -
-.90 -4.12 -.85 -3.58 -1.43 -2.61 -5.40 -8.82 -6.59 -9.23 
Std. Dev . NA NA NA NA NA NA NA NA NA NA 
b. 21 days (X) -4.31 -1.51 -3.06 +1. 30 +2.80 -1.10 -1.82 -1.05 1. 21 -1.12 
Range -1.97 - +.59 - -2.39 - +3.94 - +7.61- +2.45 - -1.18 - +.2 - 4.07 - + 1. 54 -
-6.65 -3.61 -3.73 -1.34 -2.01 -4.64 -2.45 -2.30 -1.65 -3.77 
Std. Dev. I NA NA NA NA NA NA NA NA NA NA 
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H 
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Baseline (X) 
Range 
Std. Dev. 
a. 7 days (X) 
Range 
Std. Dev. 
b. 21 days (X) 
Range 
Std. Dev. 
% Change 
Baseline to: 
a. 7 days (X) 
2 eyes 
Range 
Std. Dev. 
b. 21 days (X) 
Range 
Std. Dev. 
Corneal Changes with Previous Polycon Lens Wearers 
Polycon II Boston II 
ETC MTC cc MNC ENC ENC MNC cc MTC ETC 
.583 .542 .514 .551 .640 .629 .554 .527 .535 .590 
.560-.605 .511-.573 .499-.529 .520-.582 .625-.654 .586-.672 .523-.584 .514-.540 .518-.551 .572-.60 
NA NA NA NA NA NA NA NA NA NA 
.585 .557 .521 .563 . 643 .656 .571 .542 .560 .587 
.558-.612 .525-.589 .517-.525 .532-.594 .618-.707 .604-.708 .535-.607 .524-.559 .545-.574 .579-.59· 
NA NA NA NA NA NA NA NA NA NA 
.594 .555 .525 .576 .678 .659 .578 .548 .556 . 592 
.584-.604 .532-.578 .515- . 534 .540-.612 .633-.723 .616-.702 .538-.618 .538-.558 . 541-.570 .582-.60 
NA NA NA NA NA NA NA NA NA NA 
+.4 +2. 77 +1.43 +2.19 +3.49 +4.22 +3.12 +2.74 +4.69 -.46 
+1.16- +2.74- +3.61 - +2.31 - +8.10 - +5.36 - +2.29 - +3.52 - +5.21 - + 1. 22 -
-.36 2.79 -. 76 2.06 -1.12 3.07 3.94 1. 95 4.17 -2.14 
NA NA NA NA NA NA NA NA NA NA 
+2.06 +2.53 +2.08 +4.5 +5.92 +4.79 +4.35 +4.00 +3.95 .56 
+4. 29 - +.95 - +3.21- 3.85 - 10.55 - 5.12 - 5.82 - 4.67 - 4.44 - +5.24 -
-.17 +4.11 +.95 5.15 1. 28 4.46 2.87 3.33 3.45 -4.12 
NA NA NA NA NA NA NA NA NA NA 
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DISCUSSION 
Two gas-permeable lenses, Polycon II and Boston II, were compared 
byacontralateral study. No significant changes at the .1 confidence 
level were noted in corneal thickness, subjective lens comfort or 
wetting characteristics. The most corneal changes were observed in 
previous soft lens wearers where marked corneal thickness decrease was 
observed. This suggests gas-permeable materials as the preferred pre-
scription to help maintain normal corneal physiology. An increase in 
corneal thickness was observed in prev~ous Polycon wearers, where vary-
~ng degrees of edge seal-off were noted. This supports the need to 
avoid bearing restrictions. The overall trend for all groups was a 
decrease ~n corneal thickness seven days after dispensing. This was 
followed by a slight rebound 1n corneal thickness twenty-one days after 
dispensing. 
Twelve of the fourteen subjects needed some modifications to over-
come lens sensation or bearing restrictions. The hydrophobic nature of 
the lenses involved ~n this study were comparable and could be overcome 
by polishing both surfaces with Lobob and weekly treatment of the 
lenses with enzymatic cleaner. 
In summary, there were no significant differences ~n the performance 
of the Boston II and Polycon II gas permeable lenses. The data reflects 
a slight difference in corneal physiological response favoring the 
Polycon II lens in the previous soft lens wearers and 1n the overall 
compar~son. Corneal physiological response favoring the Boston II lens 
was reflected ~n prev1ous Polycon I wearers. All patients in the study 
stated they had no preference for either lens as both lenses were com-
fortable and afforded good visual acuity. 
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APPENDIX A 
POLYCON(R) II (silafocon A) CONTACT LENSES 
8.5 DIAMETER SPECIFICATIONS 
Lens Diameter 
Optic Zone Diameter 
Secondary Curve Width 
Peripheral Curve Width 
Secondary Curve 
7.9 
8.0 
8.1 
8.1 
8.2 
8.3 
8.4 
8.4 
8.5 
8.6 
8.6 
8.7 
8.8 
8.9 
8.9 
9.0 
9.1 
9.1 
9.2 
9.3 
9.4 
9.4 
9.5 
9.6 
9.7 
9.7 
9.8 
9.9 
10.0 
10.0 
10.1 
10.2 
10.3 
8.5 mm 
7.4 mm 
0.35 mm 
0. 20 mm 
Peripheral 
10.8 
10.9 
11.1 
11.2 
11.4 
11.5 
11.7 
11.8 
12.0 
12.1 
12.3 
12.5 
12.6 
12.8 
13.0 
13.1 
13.3 
13.5 
13.7 
13.9 
14.0 
14.2 
14.4 
14.6 
14.8 
15.0 
15.2 
15.4 
15.6 
15.8 
16.0 
16.2 
16.4 
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Curve 
Base Curve 
7.20 
7.25 
7.30 
7.35 
7.40 
7.45 
7.50 
7.55 
7.60 
7.65 
7.70 
7.75 
7.80 
7.85 
7.90 
7.95 
8.00 
8.05 
8.10 
8.15 
8.20 
8.25 
8.30 
8.35 
8.40 
8.45 
8.50 
8.55 
8.60 
8.65 
APPENDIX B 
POLYCON(R) II (silafocon A) CONTACT LENSES 
9o5 DIAMETER SPECIFICATIONS 
Lens Diameter 
Optic Zone Diameter 
Secondary Curve Width 
Peripheral Curve Width 
Secondary Curve 
9.00 
9.10 
9.10 
9.10 
9.10 
9.30 
9.30 
9.30 
9.30 
9.50 
9.50 
9.70 
9. 70 
9.90 
9.90 
10.00 
10.00 
10.10 
10.10 
10.20 
10.20 
10.40 
10.40 
10.50 
10.60 
10.60 
10.60 
10.80 
10.80 
10.80 
9.5 mm 
8.4 mm 
0.35 mm 
0.20 nnn 
Peripheral Curve 
10.50 
10.50 
10.50 
10.50 
10.50 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.50 
11.50 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.50 
12.50 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.50 
13.50 
13.50 
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APPENDIX C 
PACIFIC UNIVERSITY HUMAN SUBJECT RELEASE FORM 
1. Institution 
A. Title of Project . . .. 
B. Principal Investigators. 
C. Advisor. 
D. Location 
E. Date .. 
2. Description of Project 
A Comparative Study of Polycon II and 
Boston II Gas Permeable Contact Lenses 
Ronald D. Brandt 359-4600 
Todd Winbigler 359-5078 
Don C. West, O.D. 357-9036 
Pacific University College of Optometry 
June 83 - December 83 
Each participant of this project will be fit with one Boston II lens 
and one Polycon II lens. The investigators will also provide the appro-
priate solutions and lens care instructions to each subject. The inves-
tigators will monitor and document any changes of the eye (cornea) 
caused by the lenses with a pachometer, an instrument which measures 
corneal thickness in a noninvasive manner using reflected light. 
3. Description of Patient Involvement 
A. Each subject will be asked to be available for 6 pachometric 
readings. Three readings will be taken during the first 4 hours 
of wear and one reading every other week for 6 weeks. 
B. A deposit of $60 will be required of all subjects upon receiving 
the lenses. The deposit will be refunded and the lenses given to 
each subject at the end of the study if all appointments are kept 
and all instructions are followed. 
C. All contact lens fitting and evaluation exam fees will be waived 
during the course of this study; however, the subject will be 
referred to the PUCO general clinic at the end of the study where 
each subject will be responsible for payment of needed services 
(if any) as dictated by clinic pricing policy. 
D. Each subject will be financially responsible to replace lost or 
damaged lenses unless the manufacturer will cover such losses. 
4. Description of Risks 
The risks will be the same as are present in any contact lens fitting . 
The possible risks that pertain to the wearing of daily wear contact 
lenses and the use of new l ens materials are explained on Part B of 
this release form. Occas i onally adverse allergic reactions occur with 
the use of contact lens solutions. If you have such a reaction, we 
will offer you a different type of solution, i f this does not correct 
the problem, we will discontinue lens wear. 
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Your spectacles may not provide as clear vision during the course of 
this investigation; if this happens, you should not drive a car or 
engage in dangerous tasks while wearing spectacles. It is the 
responsibility of the subject to immediately report any unusual or 
adverse symptoms caused by contact lens wear as described in Part B 
or Section 4 of this release form. 
5. Description of Benefits 
Your participation in this study will help us determine which lenses 
(Polycon II or Boston II) is more compatible with corneal physiology. 
6. Compensation and Medical Care 
If you are injured during the course of this research, you may not 
receive compensation or medical care from Pacific University, the 
experimenters, or any person or organization associated with the research. 
However, every possible precaution will be taken to avoid injury. If 
any emergency should arise, call one of the principal investigators, 
advisor, or Dr. James Peterson (357-0442). 
7. Offer to Answer any Inguirie~ 
The experimenters will answer any questions or explain any procedure 
during the course of this study. They may be contacted through the 
optometry clinic (357-6151 ext. 208) or the home phones as listed on 
the top of the first page of this release form. In case you are not 
satisfied with the actions of the investigators, you should contact 
Dr. James Peterson (357-0442). 
8. Freedom to Withdraw 
You are free to withdraw your consent or discontinue part~c~pating ~n 
this project any time you wish without prejudice to you. If you 
decide to withdraw during the course of this study all deposit money 
will be refunded to you upon return of all contact lenses and solutions 
to the principal investigators. 
I have read and understand the above items. I am 18 years of age or older. 
Printed Name 
Signed Date 
----------------
Address Phone 
Name and address of a person not living with you who will always know 
your address. 
Don C. West, O.D. 
Advisor 
Ronald D. Brandt 
Todd Winbigler 
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